Objective: To analyze the association between clinical/epidemiological characteristics and outcomes of tuberculosis treatment in patients with concomitant tuberculosis and chronic kidney disease (CKD) in Brazil. Methods: We used the Brazilian Ministry of Health National Case Registry Database to identify patients with tuberculosis and CKD, treated between 2007 and 2011. The tuberculosis treatment outcomes were compared with epidemiological and clinical characteristics of the subjects using a hierarchical multinomial logistic regression model, in which cure was the reference outcome. Results: The prevalence of CKD among patients with tuberculosis was 0.4% (95% CI: 0.37-0.42%). The sample comprised 1,077 subjects. The outcomes were cure, in 58%; treatment abandonment, in 7%; death from tuberculosis, in 13%; and death from other causes, in 22%. The characteristics that differentiated the ORs for treatment abandonment or death were age; alcoholism; AIDS; previous noncompliance with treatment; transfer to another facility; suspected tuberculosis on chest X-ray; positive results in the first smear microscopy; and indications for/use of directly observed treatment, short-course strategy. Conclusions: Our data indicate the importance of sociodemographic characteristics for the diagnosis of tuberculosis in patients with CKD and underscore the need for tuberculosis control strategies targeting patients with chronic noncommunicable diseases, such as CKD.
The objective of the present study was to examine the association between clinical/ epidemiological characteristics and outcomes of tuberculosis treatment in patients with concomitant tuberculosis and CKD by using multivariate analysis and multinomial logistic regression.
Methods
The Sistema de Informação de Agravos de Notificação (SINAN, National Case Registry Database) is one of the health surveillance systems of Brazil, having been developed in the 1990s with the purpose of collecting and disseminating information that, in cases of tuberculosis, include sociodemographic data, health history, and characteristics of the disease and its treatment. (11) Analysis of completeness and quality of the information generated have been carried out over the years, this database being considered an important and reliable source of information. (12) Between 2007 and 2011, a total of 432,958 tuberculosis cases were reported to the SINAN in Brazil, and of those patients, 1,716 were reported as also having CKD (TB-CKD). Therefore, tuberculosis treatment outcomes (cure, treatment abandonment, death from tuberculosis, and death from other causes) were compared with clinical/epidemiological characteristics in TB-CKD patients. The TB-CKD patients for whom treatment completion status was inconclusive (unknown, transfer, or change in diagnosis) or who developed multidrug resistant tuberculosis were excluded from the study.
A TB-CKD patient was defined as that for whom the field called "other comorbidities" in the SINAN database was filled with words describing CKD, regardless of its stage. Therefore, the following descriptions were found and included: chronic kidney disease; chronic renal failure; chronic nephropathy; chronic glomerulonephritis; chronic renal patient; hemodialysis; renal transplantation; kidney transplantation; dialysis-induced renal failure; and renal patient on dialysis.
The sociodemographic variables were as follows: gender (female/male); age (< 20 years/20-39 years/40-59 years/≥ 60 years); race (White/Black/Mulatto/others); years of schooling (0 years [illiterate]/1-4 years/5-8 years/9-12 years/> 12 years/not applicable); residence (urban or peri-urban/rural); and
Introduction
Chronic kidney disease (CKD) is already considered a pandemic. (1) In view of the radical changes in habits and lifestyle, as well as of the aging of the population, all of which occurred mainly in the late 20th century and early 21st century, the rates of CKD-related morbidity and mortality have increased significantly and are expected to continue to grow in the years to come. (1, 2) Patients with CKD have a weakened immune system as a result of the chronic inflammatory state caused by renal replacement therapies, as well as of CKD itself and other comorbidities. (3) Therefore, patients with CKD, regardless of being on renal replacement therapy, are more susceptible to infectious diseases, (4) among which is tuberculosis. Tuberculosis is also recognized as a global public health problem, the control of which has been a challenge to various governmental and non-governmental organizations worldwide. (5, 6) In recent years, Brazil has seen a decrease in the number of tuberculosis cases, in tuberculosis incidence rates, and in mortality from tuberculosis. The country has also made advances in the detection of the disease and in the management of cases of co-infection with HIV and drug resistance. However, there are still major obstacles that make it impossible for Brazil to eliminate tuberculosis, such as limitations in contact investigation and in diagnosing tuberculosis in primary care, as well as the low cure rate among the patients treated. (7, 8) Patients with CKD are recognized to be at increased risk for tuberculosis and, because of their state of immunosuppression, they also have poor outcomes during treatment. (5) In Brazil, there is a large and growing population of subjects with chronic noncommunicable diseases, among which is CKD, as well as a high prevalence of tuberculosis in the general population and in high-risk groups. (9, 10) Therefore, in view of the convergence of these two pandemics and the evidence of occurrence of poor outcomes in this population, we believe that investigations on the subject have not yet been exhausted and that studies are needed to identify the characteristics related to unfavorable outcomes, taking the differences among the possible outcomes into consideration, given that such outcomes imply control measures with different degrees of complexity.
The outcome of tuberculosis treatment in subjects with chronic kidney disease in Brazil: a multinomial analysis
Results
Between 2007 and 2011, the prevalence of CKD among the tuberculosis cases reported to the SINAN was 0.4% (95% CI: 0.37-0.42%).
In the present study, 1,077 TB-CKD patients were evaluated. The outcomes in this sample were as follows: cure, in 628 patients (58.3%); treatment abandonment, in 79 (7.4%); death from tuberculosis, in 137 (12.7%); and death from other causes, in 233 (21.6%). Only 1 patient developed multidrug resistant tuberculosis and was therefore excluded from the subsequent analyses. We also excluded 638 patients with the following outcomes: unknown, in 476; transfer, in 145; and change in diagnosis, in 17.
The proportion of patients classified as cured after tuberculosis treatment was lower among those aged 60 years or older (p < 0.001). In contrast, no significant differences were found in the distribution of gender, race, level of education, or residence for each outcome (Table 1) . Table 2 shows that death from tuberculosis and death from other causes were high among patients identified as alcoholics (24.1% and 31.0%, respectively). Diabetes mellitus, mental illness, and AIDS were less prevalent comorbidities among those who achieved cure.
The main clinical characteristics of tuberculosis and its treatment can be found in Table 3 .
Among those patients who were readmitted to treatment after having abandoned it, the outcomes were cure, in 22.6%; treatment abandonment, in 32.2%; death from tuberculosis, in 22.6%; and death from other causes, in 22.6% (p < 0.001).
Significant differences were found in the distribution of disease presentation among the treatment outcomes (p = 0.004). The proportion of patients with concomitant pulmonary and extrapulmonary tuberculosis among those who were cured (46.4%) was lower than was that of patients with pulmonary tuberculosis and that of patients with extrapulmonary tuberculosis (58.4% and 60.4%, respectively).
There was a difference in the distribution of proportions for indications for and for use of DOTS (p = 0.005 and p = 0.029, respectively).
For the multivariate analysis and multinomial logistic regression, the hierarchical model was defined as follows: level 1, age; level 2, diabetes, alcoholism, mental illness, AIDS, and renal transplantation; and level 3, type of case, institutionalization (no/prison/nursing home/ orphanage/psychiatric hospital/others).
Health history included presence/absence of alcoholism, diabetes mellitus, mental illness, AIDS, and renal transplantation. In addition, we analyzed the following variables related to the characteristics of tuberculosis and its treatment: type of case (new case/recurrence/readmission after treatment abandonment/transfer); tuberculin skin testing (negative/weakly positive/strongly positive); chest X-ray (normal/suspicious); initial smear (sputum or other samples; negative/positive); follow-up smear at 2 months (sputum; negative/ positive); culture (sputum or other samples; negative/positive); histopathological examination (positive for AFB/suggestive of tuberculosis/ not suggestive of tuberculosis); presentation of tuberculosis (pulmonary/extrapulmonary/ pulmonary + extrapulmonary); occupational disease (yes/no); indications for directly observed treatment, short-course strategy (DOTS; yes/no); and use of DOTS (yes/no).
Proportions were compared with Pearson's chi-square test or the likelihood ratio, and the variables associated with the outcome of interest (p < 0.10) were included in the hierarchical multinomial logistic regression model. Multinomial logistic regression is useful for modeling probabilities of multiple category outcomes simultaneously. (13) In the present analysis, "cure" was the reference category for the response variable, being compared with the other categories (cure vs. treatment abandonment; cure vs. death from tuberculosis; and cure vs. death from other causes).
On the basis of a conceptual model for the diagnosis of tuberculosis (14) and to account for the interrelationships among the determinants of tuberculosis, (15) we defined three hierarchical levels: level 1, sociodemographic variables; level 2, variables kept at level 1 (p < 0.10) and comorbidities; and level 3, variables kept at level 2 (p < 0.10) and variables related to the characteristics of tuberculosis. Results are expressed as OR and 95% CI. The analyses were performed with the STATA statistical program, version 12.0 (StataCorp LP, College Station, TX, USA).
The present study was approved by the Research Ethics Committee of the Federal University of Espírito Santo Health Sciences Center (Protocol no. 121/06).
In cases of readmission after treatment abandonment, as compared with new cases (reference), the OR for abandonment in relation to cure was 16.08 (95%: 5.41-47.82) and that for death from tuberculosis in relation to cure was 4.82 (95% CI: 1.53-15.21).
In patients with indications for DOTS, the OR for abandonment in relation to cure was low (OR = 0.33; 95% CI: 0.12-0.92), whereas the OR for death from other causes in relation to cure was high (OR = 1.71; 95% CI: 1.03-2.85). In contrast, in those who received DOTS, the OR for death from tuberculosis in relation to cure was lower (OR = 0.44; 95% CI: 0.22-0.90), even after controlling for the other variables included in the model. chest X-ray, initial smear, disease presentation, indications for DOTS, and use of DOTS. The tuberculin skin test variable, although statistically significant, was not included in the model because of the low proportion of tests performed.
The main findings of this analysis can be found in Table 4 . The OR for treatment abandonment in relation to cure was found to be lower in TB-CKD patients aged 60 years or older (OR = 0.28; 95% CI: 0.10-0.74) than in those younger than 20. Alcoholism was associated with death from tuberculosis in relation to cure (OR = 3.38; 95% CI: 1.63-6.97) and with death from other causes in relation to cure (OR = 2.30; 95% CI: 1.18-4.47). The presence of AIDS was also associated with death from other causes in relation to cure (OR = 3.32; 95% CI: 1.68-6.58). emphasize that this does not affect the observed associations, given that reporting of CKD is not related to the study variables. Although studies have emphasized that SINAN is a reliable source of information on tuberculosis, those studies indicate that there are limitations in completeness of variables and that there is underreporting of tuberculosis cases and deaths from tuberculosis. (12, 19, 20) We also found that there were patients for whom information on some study variables was missing or inconsistent, and we decided not to exclude such variables because of the statistical power of the study.
Our results showed that the characteristics associated with treatment abandonment were age, readmission to treatment after having abandoned it, and indications for DOTS. The characteristics associated with death from tuberculosis were alcoholism, readmission to treatment after having abandoned it, suspected tuberculosis on chest X-ray, and use of DOTS. The characteristics that differentiated the OR for death from other causes in relation to cure were age, alcoholism, AIDS, transfer to another facility, a positive initial smear, and indications for DOTS.
Discussion
The relationship between tuberculosis and CKD has been studied over the years. (16) (17) (18) The higher risk for developing tuberculosis among patients with end-stage CKD has been described in several studies, with this risk being up to 37 times higher in those for whom the mode of renal replacement therapy is transplantation and 10 to 25 times higher in those on hemodialysis. (5, 16) However, we know of no studies that have evaluated the prevalence of CKD, regardless of the use of renal replacement therapy, among patients with active tuberculosis.
The fact that associations between tuberculosis, which is a longstanding global public health problem, and CKD, which is one of the new challenges of this century, were evaluated in the present study underscores its importance and relevance. However, some limitations should be considered. The prevalence of TB-CKD patients might have been underestimated because recording this information is not mandatory and depends on patient reporting at the time of registry, and therefore there is the possibility of a classification bias, through which patients with CKD could have been classified as not having CKD. However, it is also important to In a study conducted in the city of Campinas, Brazil, in the 1990s, the proportions of treatment abandonment and death from tuberculosis were higher among the patients who were readmitted to treatment after having abandoned it than they were among the new cases, a result that is similar to that found in our study. (28) A positive follow-up smear has been associated with unfavorable tuberculosis treatment outcomes. (24) This association was not observed in our study; however, the large number of cases in which follow-up smear microscopy was not performed in our sample, as well as the fact that approximately 40% of the patients had extrapulmonary tuberculosis and smear positivity rates are lower for this clinical presentation, (29) might have influenced this finding.
In response to difficulties in adherence to tuberculosis treatment and to avoid significant consequences on the outcomes of subsequent treatment, some strategies have been adopted with the aim of influencing the behavior of health professionals and the organization of health care services, as well as the behavior of those suspected of or diagnosed with tuberculosis. (30) Although still very controversial, the DOTS strategy launched by the World Health Organization has achieved positive results, aiding in the control of the disease in various parts of the world. (5, 30) In our study population, the OR for death from tuberculosis was lower among the patients who received DOTS, indicating that DOTS reduced the OR for the occurrence of negative tuberculosis outcomes.
Therefore, unfavorable tuberculosis treatment outcomes were not found to be related to the characteristics of tuberculosis in our study. Treatment abandonment and death were associated mainly with sociodemographic characteristics and health history.
We believe that, for Brazil, a country that has a comprehensive and recognized tuberculosis control program, our data indicate the importance of sociodemographic characteristics for the diagnosis of tuberculosis in patients with CKD and underscore the need for tuberculosis control strategies targeting certain population groups, with special priority for patients with chronic noncommunicable diseases, such as CKD.
The association between aging and poor tuberculosis treatment outcomes has been described in previous studies, indicating that potential comorbidities that occur in the aging process play a key role in the prognosis of tuberculosis. (21) The association with death from other causes in relation to cure in those TB-CKD patients aged 60 years or older confirms the importance of comorbidities in this population and suggests the possibility of a bidirectional relationship between tuberculosis and CKD; therefore, CKD affects tuberculosis outcomes as tuberculosis affects CKD outcomes, as is true for other chronic noncommunicable diseases. (22) It is of note that the OR for treatment abandonment in relation to cure was lower for those over 20 years of age. This finding speaks in favor of the quality of care provided by nephrology teams in Brazil, who usually opt for close monitoring of their patients and adopt strategies that promote adherence to conservative treatment, dialysis therapies, or renal transplantation, the positive results of which can be extrapolated to tuberculosis treatment. (23) Alcoholism, which is another important and frequently studied risk factor for tuberculosis, (5, 24) also increased the OR for death from tuberculosis and death from other causes in our study, which indicates an urgent need for a change in action strategies aimed at the control of alcoholism, strategies that should be based on measures addressing the social determinants of tuberculosis. (14) Despite the major advances resulting from collaboration between tuberculosis control and HIV/AIDS control programs, (6) HIV infection/ AIDS continues to increase the risk for poor outcomes in patients with tuberculosis, (25) and this was also observed in our study. A recent systematic review and meta-analysis suggests that, for these patients, tuberculosis treatment duration should be extended to more than 8 months in order to improve outcomes. (25) Although we found no statistically significant differences in the distribution of institutionalization among the outcomes, it has been reported that tuberculosis is the leading cause of death in the prison population in developing countries. (26) In addition, the diagnosis of tuberculosis is usually delayed in these subjects, and adherence to treatment is extremely difficult. (27) The outcome of tuberculosis treatment in subjects with chronic kidney disease in Brazil: a multinomial analysis
